BIOCOMPATIBLE IMPLANT FOR THE EXPRESSION AND IN 
VIVO SECRETION OF A THERAPEUTIC SUBSTANCE 




-^"^ The invention relates to a biocompatible implant for the 
expression of defined substances in man cr in animals, in particular 
for the anchoring of the recombinant cells of the invention. 

The present invention also relates to retroviral vectors for the 
preparation of recombinant cells capable of being implanted in vivo 
for a therapeutic purpose 

State of the art 

The in vivc introduction of implants capable of expressing 
defined substances for example far therapeutic purposes 
5 necessitates the use of efficacious agents as regards the desired 

S therapeutic or prophylactic objective and that the organism into 

® which the implant is introduced has the capacity to tolerate it in the 

SI 

p relatively long-term. 

Q The earlier international patent application published under 

f" the number 92/1 5676 described agents to obtain in vivo the 

N 1 expression of defined nudeotide sequences for the purpose of a 

[f therapeutic treatment of diseases resulting from a generic anomaly, 

yi This international application 92/15676 proposes the use of 

~ fibroblasts genetically modified by a retroviral vector for the 

purpose of implanting them in the connective tissue of the skin of 
the subject to be treated. 

The nudeotide sequence whose expression is desired in this 
earlier international application is placed under the control of the 
LTR (Long Terminal Repeat) sequence of the retroviral vector 
and/ or under the control of indudble or constitutive exogenous 
promoters, the LTR sequence of the retrovirus being nonetheless 
conserved when the exogenous promoter is present. 

Summary of the invention 

The invention proposes agents making it possible to achieve in 
vivo the expression of a selected nudeotide sequence under 
conditions such that this expression is obtained over a period of 
several months, preferably more than 6 months, in a manner such 
that the product of the nudeotide sequence expressed is present in 
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sufficient quantity and under conditions suitable for the production 
of a desired therapeutic effect in viva 

The agents defined in the present application make it possible 
to achieve the expression and the secretion of a protein, glyco- 
protein or a peptide of biological interest to justify its therapeutic 
use in viva 

The invention also relates to the use of biocompatible 
materials as supports for the introduction into man or animals of 
cells for example recombinant cells of the invention denned below, 
starting from which it is desired to produce a defined molecule in 
particular for therapeutic purposes. 

The preparation of implants requires such supports suitable 
far being placed in contact with cells and various factors promoting 
O the adhesion of these cells to the support if necessary, under 

g conditions such that the different constituents present conserve 

03 their principal natural structural and functional properties, 

y These biocompatible supports whether of biological origin or 

p not may or may not be resorbable by the host into which they are 

introduced. 

' < The invention also concerns retroviral vectors having the 

j* capacity to infect cells, and in particular eukaryotic cells, as well as 

[J the recombinant cells induding these vectors. The recombinant ceils 

O of the invention may be administered or implanted in a patient, 

^ thus producing in vivo a protein or any expression product of a 

defined nucleotide sequence inserted into the retroviral vector. 

The inventors have examined which are the parameters 
which, at various levels, would make it possible to express in vivo a 
defined nucleotide sequence so as to improve the expression of the 
nucleotide sequence inserted in the vector in order to obtain a 
therapeutic effect, if necessary of long duration. 

Thus, they have demonstrated that when the exogenous 
nucleotide sequence whose expression is desired is advantageously 
placed in the vector intended for the infection of the cells under the 
control of an inducible cr constitutive exogenous promoter, the LTR 
sequence internal to the retroviral vector must then be partially 
deleted. The deletion must be sufficient to impair the transcription 
of the mRNA 
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Detailed description cf the invention 

Biocompatible implant 

The implant or neo- organ of the invention is obtained by the 
process which aonsists in the in vitro assembly of various elements 
in order to form an implant which is introduced preferably into the 
peritoneal cavity of the recipient. Other implantation sites can be 
used such as the perirenal space, the skin. In vivo the implant gives 
rise to a connective tissue formed de nova which is vascularized 
and unmodified over the course of time 

In general, the implant of the invention is characterized in that 
it comprises : 

- a biocompatible support making passible the biological 

□ anchoring cf cells; 

5 - ceils having the capadty to express and secrete naturally or 

CO after recombination a defined substance, for example, a substance of 

^ therapeutic interest, and 

□ - a constituent capable of inducing and /or promoting the 
^ gelation of said cells. 

In particular, the elements participating in the assembly of the 
in vitro implant are the following : 

1) A rigpd support It may be prepared from different 
biamaterials : PTF£ coral, cross-linked collagen fibers; 

2) AacJlagen gel. It is possible to use rat tail collagen, bovine 
collagen, human collagen; and 

3) Genetically modified cell* preferably the recombinant 
cells of the present invention which are described in detail betow. 

Hence the object of the invention is an implant or neo-organ 
characterized in that it comprises a biocompatible rigid support, in 
particular a rigid support made of PFTE or of biological origin, 
making possible the biological anchoring of cells previously placed 
or not placed in contact with constituents capable of inducing 
and /or promoting their inclusion within a gel -forming matrix, said 
cells being chosen for their capacity to express and secrete naturally 
or after recombination a defined substance; for example a substance 
cf therapeutic interest. 

The expression "biological anchoring" means that the cells 
contained in the implant can bind to the surface of the 
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biocompatible support or, in certain cases, penetrate into the interior 
of this support. 

This binding of the cells to the support is made possible in 
particular by the presence of constituents capable of inducing 
and /or promoting the inclusion of the cells within a matrix having 
the constitution of a gel. 

This inclusion in the matrix, called gelation, permits the 
organization of the cells in a three-dimensional structure inan 
amorphous environment, not giving rise in vivo to prolonged 
inflammation. 

According to a first embodiment of the invention, the implant 
obtained is constituted on the one hand of a biocompatible material 
such as a support consisting of a synthetic biocompatible material , 
° in particular pdytetrafluoroethylene fibers (PTFE) or a support 

«0 consisting of a calcium-based material, in particular a material 

03 based on calcium carbonate, of biological origin, preferably coral 

m, and, on the other hand, a gel optionally loaded with cells expressing 

O the substance of interest, in particular recombinant cells. 

\ The invention also relates to a method of preparation of the 

f* implant. The method comprises the steps of : 

J7 - placing the biocompatible support in contact with said cells 

m and a constituent capable of inducing and/ or promoting their 

" gelation; 

- incubation of the preparation obtained in the preceding step 
in order to obtain the gelation of said constituents ; 

- culture of cells thus obtained under conditions permitting 
their binding to the geiled constituents; and 

- recovery of the implant thus obtained. 

a) Implant consisting of a synthetic biocompatible material. 

The object of the invention is an implant or neo- organ 
characterized in that it comprises cells expressing the substance of 
interest, in combination with pdytetrafluoroethylene (PTFE) fibers 
and collagen. On being introduced in viva such an implant is 
capable of constituting a vascularized neo-organ, individualized 
within a tissue 

Advantageously, the implant such as described above 
comprises in addition a growth factor, for example the bFGF (basic 
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Fibroblast Growth Factor). This growth factor promotes the 
vascularization of the neo-organ when the latter is implanted in 

vivo . 

Preferably, the neo-organ is introduced into the peritoneal 
cavity of the patient in whom it is desired to obtain the expression 
of the exogenous nucleotide sequence contained in the vector of the 
invention. This localization of the neo-organ is favourable for the 
development of its vascularization and to its maintenance in an 
individualized form in this organ. The implantation of the neo- 
organ comprising recombinant cells according to the invention may 
be permanent or, on the contrary, temporary, it being possible in 
this latter case to withdraw the neo organ after a given time of 
implantation. 

P Furthermore, the invention reiates to a process for the 

%p preparation of an implant defined above, com p r i sing the steps of 

- placing recombinant cells in contact with a solution of 
'H collagen and PTFE fibers preferably previously treated with 
p collagen and optionally with an angiogenic growth factor, 

M* - incubation of the preparation obtained in the preceding step 

j\ in order to obtain the gelation of the collagen, 

M= - culture of the cells thus obtained for a time sufficient to allov 

the cells to bind to the collagen fibers, 

- recovery of the implant thus obtained. 

b) Implant consisting of a biocompatible material of biological 
origin. 

Preferably, the material used is a high porosity coral, i.e. it 
possesses a porosity such as that described in the French patent Net 
2 460 657. It may also be a powder of sufficient porosity to make it 
possible to obtain a solid framework for the purpose of constituting 
a cellular network comprising or not a biological support such as 
collagen. In the case in which the coral is replaced by collagen, 
cross-linked or not, this latter may also serve both as support and as 
matrix promoting the biological gelation for the constitution of the 
network of ceils. 

According to an advantageous embodiment of the invention 
the high porosity ooral used is of the spherical type 
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According to another embodiment, the implant consists of a 
support of biological origin forming a solid matrix, said support 
containing : 

- collagen with variable cross-linking for example in the form of 
fibers or sponges such as those sold under the trade marks 
Hemostagene® or Paroguide®; 

- powdered or fragmented bone; or 

- carbohydrate-based polymers such as dextran or hyaluronic acid. 
According to an advantageous embodiment of the invention, 

the solid framework of biological origin is capable of being resorbed 
in vivo . 

The implant thus constituted allows the in vivo formation of 
an individualized and, if necessary, stable neo- organ in which the 
biological support is capable of being progressively resorbed 
5 leaving in place a structure containing a vascularized connective 

j| tissue of a form quite comparable to that of the implant, this neo- 

sj organ having, however, optionally a reduced volume compared 

with the volume of the original implant. 
u A particularly preferred implant in the framework of the 

invention is such that the constituents capable of inducing and /or 
promoting the gelation of the cells are for example un cross-linked 
collagen or alginates 

In particular, recourse will be had to type I collagen, for 
P example, in particular at a concentration of 1.5 mg/ml. 

Other constituents for gelling the cells may naturally be used 
provided that they have the desired functional property and that 
they exhibit the properties of biocompatibility required in order to 
be introduced in vivo in man or animals. 
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c) Use af the implant of the invention. 



An implant particularly suited to the realization of the 
invention is additionally characterized in that the ceils are 
recombinant cells carrying genetic information foreign to their 
genome and capable of expressing this additional information in 
vivo and having the capacity to be tolerated immunologically by an 
organism to which they might be administered. 
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In a preferred manner, an implant according to the invention 
is characterized in that the recombinant cells are modified by a 
vector containing one or more exogenous nucleotide sequences, 
coding for an antigen or antigenic determinant or coding for a 
polypeptide or glycoprotein, soluble in serum, for example a 
polypeptide or a glycoprotein of therapeutic interest, in particular a 
hormone, a structural protein or glycoprotein or a metabolic protein 
or glycoprotein or a viral protein or glycoprotein or a protein 
having the properties of an antibody or antibody fragment. 

In a preferred manner, the implant contains in addition one or 
more angiogenic factors, in particular bFGF, preferably 
incorporated during the placing of the biocompatible support in 
contact with the cells and the constituent capable of inducing 
and/ or promoting their gelation. 

The binding of the angiogenic factor, for example bFGF, is 
promoted by the presence of the gelling agent. 
4 This agent contributes to the stable binding of the angiogenic 

^ factors to the support of biological origin of the implant. 

=* In a particularly advantageous manner, the implant also 

A contains heparin or a heparin derivative such as heparan sulfate or 

a heparin fractions 

J Heparin and its derivatives are capable of binding to the 

3 constituents promoting gelation and thus of increasing the affinity 

of the angiogenic factors for the constituents responsible for 

gelation. In particular, heparin binds to collagen and thus increases 

the affinity of bFGF for collagen. 

The implant according to the invention may be employed in a 

permanent or temporary fashion for use in man or animals. In fact, 

its capacity to constitute in vivo an individualized neo- organ makes 

it passible to withdraw it if necessary. 

In a particularly valuable manner an implant according to the 

invention can be used for : 

- the treatment of genetic diseases, in particular for the treatment of 
lysosomal overload, hemophilia A or hemophilia Bt of beta- 
thai assemia, the exogenous nudeotide sequence contained in the 
recombinant cells corresponding respectively to those which code 
far beta- glucuronidase, for the factor VIII, factor IX or erythro- 
poietin, or for an active part of these sequences; 
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- the treatment of acquired diseases, far example for the treatment 
of viral diseases, in particular for the treatment of an infection due 
to the HIV retrovirus for example by the expression and secretion 
into the serum of soluble CD4 molecules or of a soluble anti-viral 
protein; 

- the treatment of tumors, the exogenous nucleotide sequence 
contained in the recombinant cells coding for a substance capable of 
promoting or enhancing the immune response against the tumor 
cells. 

The object of the invention is also a composition characterized 
in that it contains an implant according to the invention and one or 
more other constituents such as for example an antigen, an adjuvant 
in particular for vaccination. 

The agents described in the invention thus make it possible to 
envisage the treatment of genetic or acquired diseases over a long 
period, more than several months, and do so without the repeated 
sj administration of the expression product of the exogenous 

ff* nucleotide sequence whose therapeutic activity is desired. 

2 Furthermore^ the agents described in the invention lead to the 

production in the f crm of a secreted protein of a quantity of 
[2 expression product of the exogenous nucleotide sequence sufficient 

H to have a therapeutic effect in viva 

J Another application of the recombinant ceils according to the 

invention or compositions or implants containing them relates to 
the preparation cf antibodies against the expression product of the 
exogenous nucleotide sequence contained in the vector introduced 
into the recombinant cells. Preferably, these antibodies are 
produced in vivo when the recombinant ceils are implanted in an 
organism 

This use makes it possible for example to produce antibodies 
against an antigen neither whose amino acid sequence nor 
necessarily the DNA or cDNA sequence has been identified. 
Depending an the effect desired, the introduction of the 
recombinant vector according to the invention will be made into a 
defined cell type 

Similarly the invention permits the in vivo production of 
antibodies against a defined antigen for example for the purposes of 
vaccinating a patient. 
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Recombinant ceils such as those described below or 
compositions or implants containing them may also be used far the 
treatment of tumors, the exogenous nucleotide sequence contained 
in the recombinant cells coding for a substance capable of 
promoting or enhancing the immune response against the tumor 
cells. 

As a particular instance; the recombinant cells utilizabie for 
the treatment erf turners may be cells obtained by recombination of 
tumor cells taken from a patient with a retroviral vector complying 
with the specifications given in the follcwing pages 

Kit acoarefing to the invention 

The invention also includes a kit for the preparation of an 
implant far achieving in vivo the expression and secretion by cells 
of a substance for producing the desired therapeutic effect. The kit 
of the invention usually contains : 
^ - a biocompatible support making possible the anchoring of 

q said cells; and 

- a constituent capable of inducing and /or promoting the 
L gelation of said cells. 

M In particular, the biocompatible support comprises at least one 

of the ingredients chosen from among the group including PTFE or 
□ a support of biological origin, particularly a calcium-based, and in 

^ particular a caldum carbonate-based, support of biological origin, 

and preferably coral. The constituent capable of inducing and /or 
promoting the gelation of the cdls is preferably collagen, in 
particular type I aoilagen, and preferably at a concentration of the 
order of 1.5 mg/ml. 

The kit according to the invention may also include a DNA 
comprising a sequence coding for the substance expressed and 
secreted by said cells. This DNA may be used to transform the cells 
taken from the patient to be treated. 

More particularly, the DNA forming part of the kit is a 
retroviral vector such as that described below. 

The kit may also contain cells having the capacity to express 
and secrete naturally or after recombination a defined substance, for 
example a substance of therapeutic interest. 



this deletion makes it possible to diminish and preferably to 
neutralize the transcriptional effect of the LTR region by conserving 
the capacity of the exogenous promoter to promote and control the 
expression of the exogenous nucleotide sequence contained in the 
retroviral vector. 

It is also possible to envisage the deletion of all of the 
sequence constituting the promoter and the enhancer. However, 
such a deletion has the disadvantage of being accompanied by a 
considerable diminution of the vector titers. 

According to a variant of the embodiment of the invention, the 
proviral sequence upstream from the exogenous promoter is the 
nucleotide sequence situated between nucleotides 1 and about 1500 
according to the numbering of the sequence shown in Figure 1. This 
sequence upstream from the promoter essentially lacks the entire 
complement of the gag poi and env genes of the proviral sequence 

The exogenous nucleotide sequence is advantageously 
inserted under the control of the exogenous promoter in the place of 
□ the deleted gag, pol and env sequences. 

^ When the promoter is the PGK-1 promoter described below, 

y, the exogenous nucleotide sequence is advantageously inserted at 

j-J tn e Bam HI site downstream from this promoter. 



2) 

An "exogenous nucleotide sequence" according to the 
invention is a sequence which is not expressed naturally in a cell in 
which the retroviral vector of the invention is introduced or is 
expressed there in insufficient quantity or is one which it is desired 
to produce in greater quantity than is normally expressed. This 
defective or insufhdent expression results from the nature of the 
cell or occurs because of a disease affecting this cell in a given 
individual. 

In a preferred manner, the "exogenous nucleotide sequence" 
codes for a defined polypeptide. By "polypeptide" is meant any 
amino add sequence irrespective of its size, this expression 
comprising proteins and peptides The polypeptide may be in a 
glycosylated or nan-glycosylated form 
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Retroviral vector and recombinant crils 

a) Retroviral vector 

A novel recombinant retroviral vector according to the invention is 
characterized i'n that it comprizes : 

- a provirus.DNA sequence modified in that : 

- the gag, pol and env genes have been deleted at least in part 
in order to obtain a proviral DNA incapable of self -replication, this 
DNA in addition not being able to reccmbine to form a wild-type 
virus; 

- the LTR sequence bears a deletion in the U3 sequence such 
that transcription of the mRNA it controls is significantly reduced, 

O by at least 10 fold for example; and 

/5 - this recombinant retroviral vector comprising in addition an 

GJ exogenous nucleotide sequence under th control of a promoter far 

~ example an exogenous inducible or constitutive promoter. 

0 The prindpal dements forming this vector are described 
^ below in detail. 

1 1) Proviral DNA 

[■* A "proviral DNA sequence" is a sequence of DNA transcribed 

jjj from the genomic RNA of the virus when it is integrated in the host 

S cells of the virus The proviral DNA thus comprises sequences 

^ coding fcr the gag pd and env proteins of the retrovirus which 

correspond respectively to the nu d eoprot eins, polymerases, 
envelope proteins and glycoproteins. 

The retroviral vector according to the invention is such that 
the gag, pol and env genes of the proviral DNA have been deleted 
at least in part in order to obtain a proviral DNA incapable of self- 
replication, this DNA in addition being unable to reccmbine to form 
a wild-type virus 

The proviral DNA also bears sequences called LTR (Long 
Terminal Repeat) which bear regions called R, U3 and U5. These 
sequences of the LTR region are involved in the replication cyde of 
the retrovirus. 

The LTR sequence of the proviral DNA has also been mutated 
by deletion, for example in its U3 part; this deletion affects the 
functions of the internal enhancer of the LTR region. Furthermore, 

! ' 
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3) Exogenous promcter 

The prcmoter used for the construction of recombinant 
retroviruses according to the invention is advantageously 
exogenous with respect to the sequence whose expression it controls 
in the sense that it is not naturally assodated with it. It is also 
possible to use the promoter of the transferred exogenous gene. 

The promoter used in the vector of the invention may be of the 
inducible or constitutive type This exogenous promoter controls the 
expression of the exogenous nucleotide sequence The promoter 
may optionally be accompanied by a regulatory nucleic acid 
sequence for example an "enhancer" which would serve to regulate 
its activity. 

In the case of inducible promoters, promoters such as the Mx 
promoter in mice; the promoters including a tetracydine operator or 
even promoters regulated by hormones, in particular steroid 
hormones, may also be used. As regards the so-called "constitutive" 
P promoters, the use of active internal promoters in resting fibroblasts 

O such as the PGK promoter or another promoter of the housekeeping 

7* gene is preferred. 

In a particularly advantageous manner far the construction of 
the retroviral vector according to the invention, the exogenous 
H constitutive promoter is a promoter without a TATA box and in 

particular the promoter of the phosphpglycerate kinase gene (PGK- 
1). This promoter is either the mouse promoter or the human 
promoter as described by Adra et al. (Gene 60, 1987, 65-74). 

The insertion of the PGK-1 promoter into a retroviral vector 
makes possible the transfer of the gene into skin fibroblasts for 
example and the stable expression at high level and for the very 
long term of this gene after the fibroblasts have been implanted in 
vivo in a recipient, a mammal far example 

Other constitutive promoters may be used in place of the 
PGK-1 promoter. In general, recourse will be had to a promoter 
active in the cells which it is desired to transform with the retroviral 
vector and in particular active promoters in quiescent fibroblasts, 
for example promoters preceding the genes for the cytoskdetan. It 
is also possible to mention the promoter of beta-actin. (Kort et al. f 
1983, Nud. Adds Res. 11 : 8287-8301) or the promoter of the 
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vimentin gene (Rettlez et Basenga (1987), Mol. Cell. Biol. 7: 1676- 
1685). The promoter used may lack a "TATA box". 

4) Referential constructions of ft e retroviral vector 



A first particular retroviral vector in the framework of the 
invention is such that an exogenous nucleotide sequence and an 
exogenous constitutive promoter as well as the praviral DNA 
sequence are borne by a pi as mid. As an example, these sequences 
may be borne by the plasmid pBR322 which allows the introduction 
of the DNA into the cell lines in which it is desired to produce the 
vector. 

According to another advantageous embodiment of the 
£3 invention a vector complying with the preceding specifications is in 

5 addition characterized in that the proviral DNA is derived from the 

ffl Mo-MuLV retrovirus. Other retroviruses of the MuLV family may 

m be used and mention should be made; for example; of the HaSV or 

Q F-MuLV retroviruses. 

f Preferably, the sequences of the pd and env genes of the 

proviral DNA are completely deleted. In this case, the sequence of 
f~ the gag gene may also be entirely deleted or, on the other hand, be 

tit conserved in part, provided that the praviral DNA thus constituted 

Q is no longer capable of replication. 

^ Advantageously, a retroviral vector such as previously 

defined is characterized in that the U3 region of the LTR3' fragment 
is deleted at nucleotide 2797 of Figure 1. This deletion corresponds 
to a deletion of a fragment situated between nucleotides 7935 and 
8113 according to the numbering of the sequence published by 
Shinnick et al. (Nature 293^ 543-548, 1981). This deleted fragment of 
the U3 sequence of the LTR3' contains the enhancer region of the 
LTR 

Preferably, a retrcr/iral vector according to the invention is a 
type pM48 vector derived from the Moloney virus in which the viral 
"enhancer" localized in V3 has been deleted and which contains an 
internal promoter active in resting fibroblasts, preferably the PGK 
promoter or another promoter of the housekeeping gene, such as 
the vector shewn in Figure 2, modified by the exogenous nucleotide 
sequence at the Bam HI site 
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The retroviral vector M48 LacZ (also designated by the 
expression pM48 LacZ) was deposited with the CNCM (Collection 
Nationale de Culture de Microorganismes, Paris - France) under the 
No. M 298 on 16 April 1993. 

This vector is derived from the vector pM48 and is 
characterized in that it contains downstream from the exogenous 
constitutive promoter a Bam HI fragment of the gene for beta- 
gal actosidase. 

This fragment of the beta-galactosidase gene may easily be 
deleted and replaced by an exogenous nucleotide sequence of 
interest, for example a sequence coding for a protein or a 
glycoprotein capable of having therapeutic value or against the 
protein product of which it would be desired for example to obtain 
5 antibodies 

S A retroviral vector of the invention may also contain a 

?. sequence capable of enhancing the transcriptional activity of the 
m promoter either constitutively or inducibly. The vector may contain 
P an enhancer sequence upstream from the exogenous promoter. 

s 

^ b) Recombinant cells 

!t Moreover, the invention relates to recombinant cells 

Iff characterized in that they are cells having the capacity to be 
P tolerated immunologically by an organism in which they might be 
*~ implanted, modified by a retroviral vector complying with one of 
the preceding specifications 

Such cells may be cells derived from the organism into which 
they are to be implanted after recombination by transduction with 
the vector of the invention or cells lacking at their surface antigens 
r cognized by the immune system of the organism into which they 
are implanted. 

They may also be endothelial cells, myoblasts, muscle cells or 
rumor cells irradiated or treated according to other procedures to 
prevent their proliferation and taken from the patient whose genetic 
make-up it is desired to modify so that they may counteract the 
development of the tumor. 

Preferably, these recombinant cells are recombinant fibroblasts 
and in particular skin fibroblasts. Preferably, they are autologous 
fibroblasts with respect to the patient in whom it is desired to 
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implant them after their modification by a vector according to the 
invention. Fibroblasts prepared from other organisms may be used 
such as for example fibroblasts isolated from an umbilical cord. The 
genetically modified fibroblasts used in the context of the present 
invention are not immortalized fibroblasts. 

These cells may be modified by a recombinant vector coding 
for a defined polypeptide, said vector permitting the expression of 
the foreign DNA in the cells. They may also be modified by the 
methods of so-called homologous recombination. The penetration of 
the vector into the cells is carried out by using el ectr operation or 
precipitation with calcium phosphate or also by any other method 
implicated in the entry of a nudeic acid either alone or through the 
intermediary of a recombinant virus, for example 
O By "recombined cells" is also meant tumor autologous cells 

irradiated prior to their introduction into the gel, having the 
capacity to maintain at their surface tumor antigens accessible to the 
immune system of the host into which the implant according to the 
invention has been introduced. 

The recombinant cells of the invention are also obtained either 
by infection of the cells to be modified with a retroviral vector of the 
invention, or by other transduction methods involving naked DNA 
DNA-proteins complex or an adenoviral vector. In the case of an 
infection with a retroviral vector, the sequence coding for the 
polypeptide whose expression (exogenous nucleotide sequence) is 
desired is introduced into the proviral DNA 

In a preferred manner, the recombinant cells are modified by a 
vector containing one or more exogenous nucleotide sequences) 
coding for an antigen or an antigenic determinant or coding for a 
polypeptide or a glycoprotein, soluble in the serum, for example a 
polypeptide or a glycoprotein of therapeutic interest, in particular a 
hormone, a structural protein or glycoprotein or a metabolic protein 
or glycoprotein or a viral protein or glycoprotein or a protein 
having the properties of an antibody or an antibody fragment. 

As an example, this exogenous nucleotide sequence codes for 
beta-glucuronidase or another lysosomal enzyme such as alpha- 
iduronidase or arylsulfatase B, a coagulation factor such as factor 
VIII or factor EX, erythropoietin or any active part of one of these 
proteins. 
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Other advantages and characteristics of the invention will 
become apparent in the Examples and the figures which follow. 




- Figure 2 : representation of the vector pM48. 



examples 

PREPARATION OF THE RECOMBINANT VECTOR 

The transfer and expression of exogenous genetic material 
makes it possible to modify experimentally the properties of the 
tissue. It has been possible to suggest treatments based on this 
principle for diseases due to genetic deficiencies or acquired 
diseases. The example described below makes use of a retroviral 
vector for introducing into cells the generic information coding for a 
secreted protein. The reimplantation in the organism of the 
genetically modified cells is carried out by combining these cells 
with collagen, an angiogenic factor and the framework of the coral 
or cross-linked collagen type. The long-term in vivo expression of 
the genetic material thus transferred is obtained by using the 
promoter of the murine phosphoglycerate kinase gene. 

1 - RETROVIRAL VECTOR 

11. - Properties 

The retroviral vector M48 (Figure 2) is constructed from 
proviral sequences isolated from the genomic DNA of rat cells 
infected with the Moloney murine leukemogenic retrovirus (Mo 
MuLV). The gag, goj. and env genes which code for the proteins of 
the virus were deleted and replaced by the sequences to be 
transmitted. The retroviral sequences in as necessary for the 
production and maturation of the transcripts of the recombinant 
viral genome, for their packaging in infectious viral particles, their 
reverse transcription and their integration in the genome of the 
infected cell have been conserved. The sequences of the 
recombinant provirus and the flanking fragments of cellular DNA 
are borne by the bacterial plasmid pBR322. 
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The promoter of the mouse phosphpglycerate kinase (PGK-1) 
gene was inserted in the place of the viral genes A unique Bam HI 
cloning site enables the sequences to be transmitted to be placed in 
the retroviral vector under the control of this promoter. 

This retroviral vector bears a deletion in the U3 sequences of 
the internal LTR (Cone et al., Mol. Cell Bid. 7, 887-897, 1987) This 
leads to a considerable reduction of the mRNAs being initiated from 
the 5' LTR and to a predominance of mRNAs produced under the 
control of the PGK-1 promoter. The use of this vector hence results 
in the insertion in the genome of the target cell of an expression 
cassette of the sequence of interest under the control of the PGK-1 
promoter. 

1.2. - Structure of the vector 
^^23^ Thn mmplrte sequence of the vector M 4 8 (Figure 1) cm uprises* 

- Position 1 to 2019 : Mo-MuLV sequences comprising the 5' 
long terminal repeat (or 5' LTR cr LTR 5'), the packaging sequences 
\|/+ which include a part of the gag gene (position -447 to 1564 in the 
numbering of Shinnick et al. (Nature 293. 543-548, 1981). These 
sequences are modified as follows : insertion of a Sac II linker (5' 
CCCGCGGG3') at position 1074 (position 626, Shinnick et al). 

This leads to a mutation in phase with the sequence coding for 

gag- 

- PoBtiai 2Q20 to 2526: Promoter of the mouse gene coding 
for phosphaglycerate kinase (position -524 to -20, before the 
translation start cod en, according to Adra et al., Gene 6Q 65-74, 
1987). 



- Position 2527 to 2532 : Unique Bam HI site for the insertion of 
sequences which will be expressed under the control of the PGK-1 
promoter. 

- Position 2533 to 3101 : Mo-MuLV sequences including the 3' 
end of the eny gene (32 codans) and the LTR3'. These sequences are 
modified as follows : deletion of the U3 sequences of the LTR 
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included between 7935 and 8113 in the numbering of Shinnick et al. 
and the insertion of a linker Sail (2798 in the present numbering). 

- Position 31 02 to 3674 : Rat genomic sequences. 

- FcBrtian 3675 to 8003 . Sequences of the plasrrrid vector 
pBR322 (position 4363 to 29) comprising the beta-lactamase gene 
These sequences are modified as follows : destruction of the Bam HI 
site (position 7657, present numbering). 

- Fixation 8004 to 8388 : Rat genomic sequences. 

1.3. - Production of the retroviral vector 
0 This production is carried out by introducing the recombinant 

<0 proviral structure in a cell line in which the gag , pol and env genes 

gj are expressed constitutively. 

Sf This line, called a transcomplementary or packaging line, 

gj synthesizes retroviral particles lacking genomic RNA The yCRIP 

M. line derived from NIH/3T3 mouse fibroblasts is used here (Danes 

^ and Mulligan, Proc Natl. Acad. Sci. (USA) 85, 6460-6465, 1988). 

\j, When the recombinant construction is introduced by transfectian, 

the RNA transcripts from the LTR5' are encapsidated andthe cells 
□ then produce particles capable of transmitting the recombinant 

N" genome but which are incapable of replicating. 

After transfectian of the recombinant construction the cells 
producing retroviral vector are selected. Either a clone producing 
high viral titers or a poiydonal population is used for the 
preparation of the vectcr. The steps of isolation of a producing done 
are the following : 

1) The yCRIP cells are transfected by a coprecipitate with 
calcium phosphate (Graham and van der Erb, Virology, 52, 456, 
1973) of the retroviral construction and the plasrrrid pSV2neo 
(Southern and Berg, J. Mol. Appl. Gen. 1 327-341, 1982) in a molar 
ratio of 10 tol. 

2) The cells which have integrated in a stable manner and 
express the exogenous DNA are selected in the presence of 1 mg/ml 
G418 (Geneticin, Gibco). 




3) The population of ceils resistant to G418 in which isolated 
individual clones are tested for their capacity to produce the 
retroviral vector. For that purpose, NIH/3T3 target cells are placed 
in the presence of culture medium recoated from the yCRIP cells, 
and the transmission of the recombinant provirus is analyzed after 
48 hours The analysis, performed on the genomic DNA of the 
target cells, is made by PCR (qualitative method) or by Southern 
blot (quantitative method). 

4) A library of producing cells is stored at -135°C 

2 - PREPARATION OF THE STOCKS OF RETROVIRAL 
VECTOR 

The culture supernatant of the packaging cells is recoated after 
p 311 incubation far 24 hours with the packaging cells producing the 

43 retroviral vector and placed in contact with the target cells in order 

5 to achieve the infection. 

SI 

J 2.1. - Bulk preparation 

M- A stock of a hundred ampoules containing producing cells is 

^ stored at -135°C After being thawed, the cells are amplified for 10 

P days, successively in bottles then in roller bottles of 875 cm 2 , until 

Mj 20 confluent rollers are obtained. The production is then begun. It 

g lasts 4 or 5 days The culture medium is DMEM containingl g/1 of 

y. glucose, 10 mM of sodium pyruvate and supplemeted with 5% 

newborn calf serum (Hydone). Each roller bottle makes possible the 
conditioning of 100 ml of medium per 24 hours. This culture 
supernatant is cenrrifuged to remove the cell debris. The weekly 
production is 8 to 10 liters of viral supernatant. 

2.2. - Concentration 

The supernatant may be concentrated to increase the 
infectious titer of the retroviral vector. After centrifugation, the 
supernatant is dialyzed tangentially against a Sartocon membrane 
of porosity 100.000 by using the Crossflow apparatus of Sartorius. A 
twenty fold concentration is obtained in 3 hours. It is accompanied 
by a 20 increase in the infectious titer. After concentration, the viral 
preparation is used immediately or stored at -80*C if it is not to be 
used for at least 2 weeks. 
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3 - SKIN FIBROBLASTS 

3.1. - Isolation and placing in culture 

The fibroblasts intended far the gone transfer are obtained by 
a cutaneous biopsy performed under very careful aseptic 
conditions. In the mouse, a syngeneic animal is sacrificed for this 
purpose. In the large mammal, one cr more fragments of skin about 
10 cm2 are taken under general anesthesia After sectioning in strips 
of several mm^ the fragments are dissociated by an enzymatic 
treatment. Fcr a fragment of 10 cm^, the reaction is carried out for 2 
hours at 37° C by gentle shaking in 50 ml of RPMI 1640 medium 
supplemented with 10% fetal calf serum, 100 mg of coilagenase 
(Worthington), 500 U of dispase (Collaborative Research Inc). After 
centrifugatian and washing the cells are counted then seeded in 150 
p cm^ bottles at a concentration of 1 to 5 x 106/cm2. The culture 

43 medium is RPMI 1640 supplemented with 10 to 20% fetal calf 

« serum. 



iff 



3.2. - Infection by the retroviral vector 

The infections with the preparation of retroviral vector are 
started the day after the placing in culture although the cell density 
is less than 20% of confluence They are repeated daily following the 
same protocol for 4 or 5 days. After removal of the culture medium, 
the cells are placed in contact with the concentrated or 
unconcentrated retroviral vector preparation, but supplemented in 
all cases with 8 |ig/ml of pdybrene The incubation is carried out 
far 2 hours at 37°Q then without prior washing the viral 
preparation is replaced by the culture medium 

When a vector coding for a protein detectable under the 
microscope is used, it is observed that this process allows the 
introduction of the foreign gene into more than 90% of the 
fibroblasts. The level of secretion of the protein into the culture 
supernatant may be checked during and at the end of this process 
All or part of the cells may be frozen at this stage 

After infection, the cells are amplified to produce a number 
sufficient for reimplantation, i.e. 2 - 6 x 10** cdls/kg of body weight 
The amplification is carried out on culture trays (multitray, Nunc). 




3.3. - Harvesting of the genetically modified cells 
After amplification, the cells are harvested by treatment with 
trypsin. After being washed and counted, they are available to be 
used for the f crmation of a neo- organ. A sample is stored to check 
the genetic transfer by Southern blot as well as the expression and 
secretion of the foreign protein by a suitable procedure 



Example 1 : 

Secretion of a lysosomal enzyme (betah^ucnronidase) in the 
moose wifii implants containing FTFE fibers, rat tail collagen and 
skin fibroblasts modified with a retroviral vector. 

p 1.1. - Constituents 

%3 Three constituents are assembled in vitro . The method 

g described below is applicable to the construction of neo- organs of 1 

■-4 ml containing 5 x 10 6 to 10 7 genetically modified cells. The same 

y proportions are used for the formation of neo- organs of large size 

H> containing 1 to 5 x 10 9 cells 

^ 1) Pdytetrafluoroethylene fibers (Gore and associates) 

P sterilized by autodaving (120*Q 30 minutes) are coated by type 1 

jjj collagen. The fibers are bathed in a 0.1% solution of rat tail collagen 

y (Sigma) in 0.1 N acetic acid. This treatment is carried out under 

¥> vacuum for 1 hour at room temperature in order to expel air present 

between the synthetic fibers. The collagens of mouse, bovine or 
human origin may be used indiscriminately. After drying for 24 
hours under a hood with laminar air flow, the fibers thus 
surrounded with a fine film of collagen are incubated in the 
presence of an angiogenic growth factor (basic FGF, Farmitalia, 10- 
20 ng/50 mg of fibers in a solution of PBS-5% beta- 
mercaptoethanol). The fibers thus treated are washed in PBS and 
stored at 4°C 

2) A solution constituted of the following ingredients is 
prepared. For 1 ml : 100 \i\ 10 x RPMI 1640 (Gibco); 12 ^1 7.5% 
bicarbonate; 8 7.5 N NaOH; 2.5 1, 1M Hepes; 100 jig 
penicillin /glutamine (Gibco); 10 ng bFGF (Farmitalia); 1.5 mg 
collagen (Bioethica); distilled water to 1 ml. This solution of syrupy 
consistency is stored at 4*G 
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3) After washing, the genetically modified cells are 
resuspended in 100 jil of RPMI 1640 with 15% fetal calf serum 

1.2. - Assembly 

The in vitro assembly of the neo- organ is carried out under 
sterile conditions in a hood, in the following manner : 

1) 1 mg of treated fibers are spread out in a culture dish 
(Corning 24 wells plate). 

2) The genetically modified cells (100 are incorporated into 
the collagen solution (1 ml) using a shaker, 

3) This mixture is deposited on the fibers 

The entire preparation is placed in an incubator (37°C, 5% 
CO2) far 30 minutes in order to obtain the gelation of the collagen, 
p When this occurs, 1 ml of RPMI 1640 with fetal calf serum is 

~ deposited on the gel in order to compensate the variations in pH. 

B) Two to four "ours later, the gel is delicately detached from the rim 

\j of the culture dish with the aid of an injection needle and 

P transferred to a larger dish in the presence of an excess of culture 

H= medium for a period of 12 to 24 hours. During this lapse of time the 

fibroblasts included in the collagen gel bind to the collagen fibers 
"y. and this induces a retraction of the structure. It is usual to observe a 

Nj reduction of more than 50% of the initial volume The whole is then 

p ready to be implanted in the organism 

1.3. - Implantation 

The neo- organ is introduced in the peritoneal cavity in the 
course of a laparotomy performed under general anesthesia In the 
mouse, the implantation is effected by inserting, without binding 
the neo- organ between the midgut loops in contact with the 
mesentery. In the large mammal, the neo-organ is fixed by two 
points between the two layers of the omentum Vascular 
connections are established from the first days onwards The 
exogenous protein may then be released into the circulation of the 
recipient animal. As from the third week following the 
implantation, an organ often pediculate encapsulated and well 
individualized is formed. Very many vascular connections are 
visible at its surface Inflammatory adhesion does not exist. The 
examinations at 3 and 6 months show an identical appearance. The 




histological analysis at this stage reveals the presence of loose, 
vascularized and only slightly inflamed connective tissue 

1.4. - Treatment of diseases of lysosomal overload 
This process was applied to the treatment of a disease of 
lysosomal overload for which a mouse model is available. It 
involves a defidt of beta-glucuronidase responsible for a 
mucopolysaccharidosis The beta-glucuronidase is phosphorylated 
and is thus in part transported to the lysos ernes and in part secreted 
in the circulation. It may be picked up by other tissues through the 
intermediary of the mannose-6-phosphate receptor expressed at the 
surface of many cell. This specific recovery permits a therapeutic 
approach in which the continuous systemic distribution of the 
0 missing enzyme is ensured by genetically modified cells 

y3 Implants of 0.5 cm 3 containing 20 x 10 6 autologous fibroblasts 

j| are well tolerated by the mouse. The implanted cells express the 

S| human beta-glucuronidase gene inserted into the vector M48 under 

g the control of the PGK promoter and secrete the foreign protein for 

y, more than 5 months The biological effect is expressed by a rapid 

fall in the urinary elimination of the intermediary catabdites of the 
degradation of the mucopolysaccharides. The histological 
Hj normalization of the tissues of the recipient animal is spectacular, 

JLj particularly in the liver and the spleen. It is stable with time and 

H- depends on the presence of the neo- organ whose excision induces a 

return to the initial pathological state 

This process is applicable to the treatment of all of the diseases 
of lysosomal overload, including Gaucher' s disease for which the 
supply of a soluble form of the glucocerebrosidase can be 
envisaged. 

Example 2 : 

Secretion erf a lysosomal enzyme (beta-giKnranidase) in the 
dbg with implants ccntammg PTFE fiber* rat tail collagen and 
skin fibroblasts modified with a retroviral vector. 

Four dogs received from 1 to 6 neo- organs each containing 10^ 
autologous fibroblastsgenetically modified by means of the vector 
M48-pglu in order to secrete human beta-glucuronidase. Three 




animals of the Labrador race weighing 21 to 29 kg and one animal 
of the Beagle race weighing about 9 kg were used. The surgical 
implantation performed under general anesthesia consisted of 
inserting the implants between the two parietal and visceral layers 
of the omentum dose to the greater curvature of the stomach. This 
rapid operation is accompanied by simple operative follow-ups and 
makes it possible to envisage in the future an implantation by 
coeliosurgery. One and a half months, four months and six months 
after the implantation an exploratory laparotomy was performed in 
order to make a macroscopic check-up of the implant. The 
identification of the amentum was easy and the detection of the 
grafted structure was made very quickly. No adhesion was 
recorded and the vascularization was considerable, including large 
calibre vessels in connection with the implant. The appearance of 
the implant has not altered during the period of this observation. A 
liver biopsy practised at the same time made it possible to 
investigate the presence of human beta- glu curoni dase The 
measurement of the activity on cell extracts showed a level 
equivalent to 2-3% of the endogenous canine activity which was 
stable with time in the animals having received more than 2 x 10 9 
genetically modified autologous fibroblasts. The revelation in Situ 
on sections showed an activity localized in the Kupffer cells. The 
results are summarized in Table I. 
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Example 3 : , . . ^ 

Secretion of a lysosomal enzyme (beta-L-idnronidasEj m the 
moose with implants containing FTFE fibers rat tail collagen and 
skin fibroblasts modified with a letroviral vector. 

A cDNA coding for the human beta-L-iduronidase was 
introduced into the vector M48 and a recombinant retrovirus was 
produced in the yCRIP line Fibroblasts of nude mice were placed 
in primary culture and infected with this retroviral vector. The cells 
secreting the human enzyme were introduced into six syngeneic 
recipients in two neo-organs each containing 10 millions cells. 

The animals were sacrificed after 35 to 77 days and the 
presence of the human enzyme in their liver and spleen was venfied 
by means of a monoclonal antibody. An enzymatic activity 
equivalent to 1-2% of the endogenous activity was demonstrated, 
indicating the production of the enzyme from the cells of the neo- 
03 organ and its detection at a distance. 
01 

D F* am ple 4 : 

M Secretion of erythropoietin (EFO) in me mouse wim 

implants containing FTFE fibos, rat tail collagen and skin 
fibroblasts modified with a retroviral vector. 

The nlslacZ gene was excised from the vector M48-nlslacZ by 
BamHI digestion and replaced by a cDNA coding for mouse EPO 
synthesized by PCR, thus generating the vector M48EPO. A done of 
¥ CRE cells producing M48EPO retroviral particles was isolated. A 
sample of fibroblasts was taken from adult mice by skin biopsy and 
a primary culture was established in RPM1 1640 medium with 10% 
PCS These cells were infected by the vector M48EPO repeatedly for 
the first 4 days of the culture Analysis by Southern blot showed 
that the infected cells contained on average 2 copies of the M48EPO 
genome per cell. Analysis by Northern blot showed the very 
predominant expression of the cDNA of the EPO under the control 
of the PGK-1 promoter. A biological assay of the EPO activity 
secreted by these cells as well as an ELISA assay measured a 
secretion of 17 units of EPO per million cells per 24 hours. These 
cells were amplified in culture, trypsinized, then resuspended in 
RPMI 1640 at a concentration of 2.5 x 107 to 2 x It)® cells per ml. 
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Implants were prepared by combining the following 
ingredients in a 0.9 cm* well : 1) PTFE fibers treated previously as 
described above to be coated successively with rat tail collagen 
(Sigma), heparin (Roche) and bFGF (Promega); 2) 1 ml of a solution 
LtainingT mg/ml of rat tail collagen (Sigma). bFGF (10 ng/ml) m 
RPMI 1640 medium; 3) a volume of 10 ul of the suspension of 
fibroblasts genetically modified to secrete EPO. After having 
obtained a homogeneous mixture, this latter is solidified by 
incubation at 37' C for 30 minutes, then the gel is very carefully 
separated from the walls of the culture well, transferred to a 35 mm 
diameter Pern dish coated with RPMI 1640 medium containing 10% 
FCS and incubated at 37>C for 3 days. A contraction of the gel 
occurred during this incubation resulting in a 50% diminution in 
size The implants were then inserted in the peritoneal cavity of 14 
syngeneic mice with genetically modified fibroblasts. 

The weekly measurement of the hematocrit (normal value 46 
+ /- 1 5%) showed a progressive rise towards a plateau, the level of 
which varied as a function of the number of cells secreting EPO in 
the implants. This plateau was 80% for 2 x 10? cells, 70% for 10/ 
cells 60% for 5 x 106 cells, 52% for 2.5 x 10* cells. It was maintained 
at this level during the 6 months period of observation of the 
animals. The concentrations of EPO in the serum of the mice bearing 
implants secreting EPO varied from 60 to 400 mU per ml (normal < 

20 mU/ml). „ . „ 

The implants constituted of PTFE, rat tail collagen and cells 
genetically modified by the retroviral vector M48EPO thus make 
possible a stable long-term secretion of EPO iiLYiYS at high levels 
estimated to be between 500 and 1500 mU/kg/24 hours, i.e 
sufficient in man for the correction of the anemia due to 
hemoglobinopathies such as sickle cell anemia and beta- 
thalassemia. Levels 10 fold lower would be sufficient for the 
treatment of anemia associated with chronic renal insufficiency. 
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1+4 VTVO UPT rZATTON OF IMPLANTS CONTAINING CORAL 
AS BIOLOGICAL SUPPORT 

1. In the mouse 

In the C3H/He mouse compatibility experiments with 
Biocoral® as implant showed that it could represent an 
advantageous alternative to the synthetic supports. 

It was in fact possible to coat Biocoral® effectively with 
different ingredients of the extracellular matrix as well as 
angiogenic factors. It was shown that murine type I collagen at a 
concentration of 0.5 mg/ml in 0.001% acetic add adheres and covers 
the coral support after drying in air at room temperature for 12 to 24 
hours. The presence of this element of the extra-cellular matrix then 
a made possible the irreversible binding of the basic fibroblast growth 
§ factor labelled with 125i (125i-basic Fibroblast Growth Factor) 
m (bFGF) to Biocoral® In this way the binding of an average of 50 ng 
iJ of bFGF to 40 mg of coral support pretreated with murine type I 
5 collagen was achieved. Although this binding could have also been 
^ done in the absence of pretreatment with collagen, in this latter case 
J* it was reversible, hence of low affinity. Collagen is thus an essential 
V* intermediary and justified for the stable binding of angiogenic 
jj factors to Biocoral. Finally, it was possible to increase the binding of 
□ bFGF five to ten fold when the coating of 40 mg of Biocoral by 
^ collagen was supplemented by 200 ng heparan sulfate (Sigma) (1 
mg/ml solution in PBS) or 500 units of heparin (Roche) (5000 
units/ ml solution). These two components of the extracellular 
matrix have a known affinity for collagen (Baird, A, Schubert, D., 
Ling, N. and Guillemin, R (1988) Receptcr and heparin binding 
domains of basic fibroblast growth factor. Free Natl. Acad. Sci. 
USA 85, 2324-2328). 

Their anionic and poly sulfated properties are responsible for the 
strong affinity for the bFGF (Johnson, D.E., Lee, P.L., Lu, J., and 
Williams, L.T. (1990) Di verse forms of a receptor for acidic and basic 
fibroblast growth factors Mol. Cell. Biol. 1Q 4728-4739). After 
incubation in the presence of one or other of these components 1 h 
at 4°C with shaking, the Biocoral was dried in air at room 
temperature Thus heparinized, the coral has an anti-coagulant 
action. 
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Assays cf subcutaneous implantation with 40 mg of high 
pcrcsity (50%) sphencal ccral coated with murine type I collagen 
and bFGF (=50 ng/40 mg of coral) were performed in vivo on ten 
mica The macroscopic and histological appearance ofthese implants 
was analyzed ever a period of 7 months. The results show that 
Biocoral was progressively rescrbed during several months and was 
replaced by a structure formed of vascularized connective tissue 
having the initial sphencal form of the coral implant with, however, 
a reduction in volume of approximately a third. 
The histological analysis of this connective tissue at three months 
showed an intense vascularization and the total absence of 
inflammatory cells in spite of the coral residues present. The actual 
connective tissue was formed of only slightly dense mesenchymal 
cells, surrounded by newly formed collagen fibers. The analysis at 7 
months showed similar results without involution. 

2. In the dog . 

In the 25 kg dog we carried out a first implantation 
experiment with a neo-organ, the external part of which made of 
porous coral (50%) made it possible to retain a retracted collagen gel 
containing 1 to 2 x 10 9 genetically modified autologous fibroblasts 
The Biocoral support had been coated with murine type I collagen 
and heparin (Roche). After drying, the coral thus pretreated was 
incubated in the presence of an angiogenic growth factor of the 
bFGF type (Farmitalia) then rinced with PBS. The surgical 
implantation performed under general anesthesia consisted of 
inserting the whole implant between the two parietal and visceral 
layers of the omentum dose to the greater curvature of the stomach. 
This rapid operation made possible simple operative follow-ups 
and makes it possible to envisage in the future an implantation by 
coeliosurgery. Forty five days after, an exploratory laparotomy was 
performed in order to make a macroscopic check-up of the implant. 
The identification of the omentum was easy, no adhesion was noted 
and the detection of the coral implant, containing the genetically 
modified autologous fibroblasts, was made very quickly. It was not 
possible to observe any adhesion and the vascularization was 
considerable, including large calibre vessels in connection with the 
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implant. A prcrpss of progressive resorption of the coral was 
observed for at least 4 months 

3. Other mammals : 

The creation of neo- organs by using Biocoral suited to surgical 

implantation in large mammals, in particular man, with a view to 

their clinical development is carried out analogously. Biocoral can 

be modulated in its design, is capable of triggering a sustained 

angiogenesis combined with its own resorption and, finally, is 

devoid of inflammatory local and systemic effects. Such a 

bscmaterial advantageously serves as receptacle and skeleton for a 

type I collagen gel containing genetically modified autologous cells, 

capable of secreting a therapeutic factor in the drculation once the 

B vascular connections are established. 

43 

43 

W Example 5 : 

H 
y* 

□ Secretion of erythropoietin (EPO) in oie mease with 

\* implants containing fragments of coral, rat tafl collagen and skin 

M> fibroblasts modified with a retroviral vector. 

^ In the same manner as in Example 4, mouse fibroblasts were 

J obtained from a skin biopsy, placed in culture and transduced with 
Q the vector M48EPO. After amplification, the cells were trypsinized 
*"* and resuspended in RPMI 1640 medium containing 10% FCS at a 
concentration of 10& cells per ml. 

Implants were prepared by combining the following 
ingredients in a 0.9 cm 2 well : 1) coral powder (Inoteb) composed of 
parti des of porosity > 45% and a granulcmetry between 600 and 
1000 (im, the pores of which had a mean. diameter of 150 jim, 
previously treated by incubation in a solution of rat tail collagen (1 
mg/ml) for 30 minutes at room temperature, dried, then incubated 
in a heparin solution (Roche) for 30 minutes at room temperature, 
dried, then incubated in a 100 |ig/ml solution of bFGF (Promega) 
for 30 minutes at room temperature, 2) 1 ml of a solution containing 
3 mg/ml of rat tail collagen (Sigma), bFGF (100 ng/ml) in RPMI 
1640 medium; 3) a volume of 100 ^il of the suspension of fibroblasts 
genetically modified to secrete EPO. As in the examples 1 to 3, a 
homogeneous mixture of these constituents was solidified by 
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incubation at 37°C f ex 30 minutes, then the gel was very carefully 
separated from the walls cf the culture wells, transferred to a 35 mm 
diameter Petri dish, coated with RPMI 1640 medium containing 10% 
FCS and incubated at 37* C for 3 days The implants were then 
inserted in the peritoneal cavity of 3 syngeneic mice with genetically 
modified fibroblasts. 

As in Example 4, the measurement of the hematocrit of the 
animal recipients showed a rapid increase reaching a plateau after 3 
weeks, and which was maintained at this level for all of the period 
of the observation (2 months). Implants formed of a structured 
collagen gel with fragments of coral thus make possible the 
maintenance in the functional state of genetically modified 
fibroblasts implanted in the peritoneal cavity of recipient animals, 
O as well as the long-term secretion of a soluble protein in the serum. 

3 

m Example 6 : 

Secretion of erythropoietin (EPO) in tiie moose with 
in^iauls containing cross-tinked collagen fibers rat tail collagen 
and skin fibroblasts modified with a retroviral vector. 

A similar experiment to the Examples 4 and 5 consisted of 
producing implants combining mouse fibroblasts transduced with 
in the M48EPO vector, rat tail collagen and a support formed of cross- 
O linked collagen fibers ( Imedex). The preparation was made in the 
following manner : 1) the fibers dehydrated and sterilized by 
radiation were first rehydrated by incubation for 12 hours at 4*C in 
RPMI 1640 medium. They were then incubated at room temperature 
for 30 minutes in RPMI 1640 containing 10% FCS and 100 ^g/ml cf 
bFGF (Promega), then loaded into a 0.4 cm 2 well to which was 
added 1 ml of RPMI 1640 solution containing FCS (10%), rat tail 
collagen (1 mg/ml), bFGF (100 ^g/ml, Promega) and 10? fibroblasts 
genetically modified to secret EPO. After solidification at 37* C for 
30 minutes, the gel was then very carefully detached from the walls 
of the culture well, transferred to a 35 mm diameter Petri dish and 
coated with RPMI 1640 medium containing 10% FCS The implants 
were incubated for 3 days at 37° C, moderate contraction of the 
structure was observed, then they were implanted in 3 syngeneic 
mice 



m 



S"* 

- » 




-32- 



In a manner similar to that described in the Examples 4 and 5, 
the weekly measurement of the hematocrit showed a progressive 
rise until a plateau was reached which was maintained for the 
duration of the observation period (2 months). Implants formed of a 
structured collagen gel with cross-linked collagen fibers thus make 
possible the maintenance of the functional state of genetically 
modified fibroblasts implanted in the peritoneal cavity of animal 
recipients as well as the long-term secretion of a soluble protein in 
the serum 

Example 7 : 

DctcBdMcatian of bilirubin by gacaraKXXxijug^tion In rats 
bearing implants containing PTFE fibers, rat tafl collagen and 
genetically modified fibroblasts expressing me enzyme UDP- 
ghscarcncsyl transferase* 

Bilirubin is a degradation product of the haem produced 
continuously and in considerable quantity by the organism. 
Bilirubin is liposduble and can penetrate passively into cells where 
its accumulation is toxic The elimination of bilirubin is achieved by 
glucurano- conjugation in the hepatocyes by the enzyme bilirubin 
UDP-glucuroncsyl transferase (til. UDPGT) which exists in two 
known isoforms (1 and 2). The addition of glucuronic acid makes 
the molecule water soluble, non-toxic and makes possible its 
excretion in the bile Complete hereditary defidt of toil. UDPGT 
activity is responsible for a very serious disease (Crigler- Najjar 
disease) which requires liver transplantation. There exists a model 
for this disease in the rat (Gunn rat). 

The rat cDNA coding for the isoform 2 (bil.UDPGT-2) and 
human cDNA coding for isoform 1 (bil.UDPGT-1) were inserted 
into the M48 vector after exdsion of the nlslacZ gene by the Bam HI 
enzyme, thus generating the vectors M48GT-2 and M48GT-1. In a 
manner similar to that described in Examples 1, 3 and 4 samples of 
Gunn rat fibroblasts were taken by skin biopsy, placed in culture 
and transduced by the vector M48GT-2. The presence of, on 
average, one copy of the vector genome in the transduced cells was 
verified by Southern blot, and the expression under the control of 
the PGK promoter was verified by Northern blot. The toil. UDPGT 
enzymatic activity was detected in the microsomal extracts of the 
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inf ected fibroblasts. The cells were amplified in culture, trypsinized 
then resuspended in RPMI 1640 at a concentration of 2 x irj8 cells 
per ml. 

Implants containing 2 x 10? genetically modified cells were 
prepared in the same manner as in Examples 1, 3 and 4. Two 
implants were inserted in the peritoneal cavity of each recipient 
Gunn rat. As the colony of Gunn rats used is not inbred, care was 
taken that each animal is reimplanted with its own cells. The 
measurement of the unconjugated bilirubin concentrations in the 
treated animals and in control rats of the same age showed a 
significant and stable diminution (between 20 and 50%) during a 
period of observation of 2 months in rats bearing implants of 
fibroblasts expressing the bil.UDPGT. Bile samples were collected 
when the animals were sacrificed and analyzed by high pressure 
liquid chromatography (HPLQ. Whereas the untreated animals 
show a total absence of conjugated bilirubin in the bile, the Gunn 
rats bearing implants containing fibroblasts expressing the 
bil.UDPGT showed peaks identified as mono- and di-conjugated 
bilirubin. The proportion of conjugated bilirubin attained up to 11% 
of the bilirubin present in the bile 

These results indicate that rat fibroblasts transduced with the 
vector M48UDPGT-1 and grafted into Gunn rats in the form of 
implants combining PTFE fibers and rat tail collagen are capable of 
achieving in vivo the glucurono- conjugation reaction of bilirubin, 
and the conjugated bilirubin can then be eliminated in the bile by 
the hepatocytes, thus making possible a partial correction of the 
phenotype of the diseased animais. It is thus possible to achieve the 
detoxification of biological products in vivo by means of genetically 
modified fibroblasts implanted in a structured collagen gel with 
PTFE fibers. 



Example 8 : 

Use of an inducible jjuiajler (Mx) to modulate the 
expression of a cDNA inserted in a retroviral vector. 

In the case of implants secreting a protein continuously into 
the drculation, it would be desirable to be able to exerdse control 
over this secretion. In order to do this a retroviral vector derived 
from the vector M48 was constructed in which the PGK-1 promoter 
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was excised and replaced by a fragment cf 250 bp ccvenng the 
region -250 to +1 of the promoter of the Mx gene of the mouse This 
promoter comprises elements cf reponse to stimulation by alpha 
and beta interferons. In the mouse the protein Mx is expressed in 
response to a secretion of alpha cr beta interferon. In a manner 
similar to that in Examples 3, 4 and 5, the cDNA coding fcr mouse 
EPO was inserted into this vector at the BamHI site, thus generating 
the vector MxEPO. yCRE cells producing recombinant ecctrcpic 
retroviral particles containing the genome cf the vector MxEPO 
were isolated. Fibroblasts isolated from a skin biopsy performed on 
a mouse were infected with the vector MxEPO, and the EPO 
secreted into the supernatant of these cultures was measured before 
and after addition of alpha interferon (1000 units per ml) m the 
° culture medium The basic secretion levels cf EPO were less than 0.3 
units/ml /24 hours, evidence for a low activity cf the Mx promoter 
present in the MxEPO vector in the absence cf interferon. An 
increase in the secretion up to 10 fold the basic level was measured 
° after addition of alpha interferon This high secretion is maintained 
f fcr at least 6 days This observation shows that a control may be 
H- exerdsed ever a transcriptional promoter inserted into a retroviral 
L vector after the integration of the latter in the genome cf the target 
U1 cell. 

P Implants constituted cf PTFE fibers, rat tail collagen and 

^ containing skin fibroblasts transduced with the MxEPO vector were 
prepared and implanted in syngeneic mice. In the absence cf other 
treatment, these animal have maintained a normal hematocrit. Seme 
cf the recipient animals were treated by the intra-peritoneal 
injectim cf 50 mg cf polyA-U (Boehringer) each 48 hours for two 
weeks in order to raise the hematocrit. 

Treatment erf genetic or an|i i h*n1 diseases. 

The process is applicable to the delivery to the serum of any 
soluble protein or transmembrane proteins lacking their membrane 
immobilization domain. However, it does net permit regulation of 
the serum concentrations of the foreign protein. The following 
applications are envisaged for genetic diseases : in hemophilia B, the 
supply of factor IX; in hemophilia A, the supply cf factor VIII in the 
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form cf a protein deleted in the B region; in beta-thai assemi a, the 
supply cf erythropoietin capable of correcting the anemia ty 
stimulation cf fetal hemoglobin synthesis. 

The supply cf soluble CD4 or its derivatives coupled to 
immunotoxins and immunoglobulins is conceivable in infections by 
retroviruses cf the HIV family. More generally, any soluble anti- 
viral protein could be delivered in this manner. 



Production cf antibodies 

The circulation of a foreign protein in the mouse induces an 
immune response marked by the appearance of specific antibodies 
as we have observed for beta-glucurcnidase; the soluble CD4 and 
erythropoietin. The process could thus be applied to immunise 
animals against the still unidentified product of a cDNA isolated by 
Jj reverse genetics or by other means. It should be possible to obtain 
m polyclonal or monoclonal antibodies in this manner without 

necessitating the prior preparation of the protein 
□ The same approach can be envisaged to achieve 

immunizations far a therapeutic or prophylactic purpose It should 
\& be possible to suggest vaccinating preparations, for example, 
M* against neutralizing epitopes of the envelope of HIV or related 
^ viruses. 



Regulation by the tet operatar/et repressor system 

Skin fibroblasts are prepared in which two retroviral vectors 
are introduced, one coding for the protein of interest placed under 
the control of a promoter comprising the tet operator elements, the 
other coding for the tet repressor or a related molecule modified in 
order to produce an enhancer effect. Depending on the nature of 
this latter element and that of the promoter containing the operator 
sequences, the addition cf tetracycline will induce an enhancement 
or a repression of transcription. The fibroblasts transduced with 
these two vectors are implanted in vivo in a neo-organ and the 
animals are treated with tetracycline in order to assess the induction 
of expression. The reporter gene is preferably that of the mouse 
EPQ 
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Regulation by the progesterone realtor mocfifieci in 
induce transcription in the presence of RU486. 

When its C-terrranal region is cleaved the progesterone 
receptor becomes capable of stimulating transcription in the 
presence of RU486. Skin fibroblasts are infected with two retroviral 
vectors, one coding for the protein of interest expressed under the 
control of a promoter comprising elements of repanse to 
progesterone the other coding for a truncated version of the 
progesterone receptor. As previously, the fibroblasts transduced by 
these two vectors are implanted in neo-organs in the mouse and the 
animals are treated with RU486. 



